Rats were made hypothyroid by a daily sub cutaneous injection of propylthiouracil beginning the first day after birth, CBF, brain plasma volume, blood-brain extraction, and influx of some neutral amino acids were studied in 16-day-old animals, In hypothyroid rats, the brain plasma volume was decreased by � 30%, CBF was decreased by >50%, This decrease was the highest in cerebellum, Blood-brain extraction of small neutral amino acids (alanine, serine, cysteine) was greatly en hanced, This greater extraction compensated for the de creased supply of alanine brought about by its decreased plasma concentration and the lower CBF. In contrast, the
Hypothyroidism in immature rats has been shown to result in decreased capillary density (Eayrs, 1954; David and Nathaniel, 1981) . This could lead to an alteration in CBF. In addition, as blood-brain transport systems have been localized in the plasma membrane of brain capillary endothe lial cells, the question arises of whether this modi fication of vascularity can alter blood-brain trans port of metabolic substrates needed for brain de velopment. Moore et al. (1973) showed that hypothyroidism delayed the rise in cerebral glucose transport activity that occurred between the twelfth and the twentieth days in normal rats. Daniel et al. (1975) also showed that the blood-brain influx of leucine, valine, and lysine was lower in adult rats made hypothyroid at birth than in control rats. Fur thermore, thyroid hormones have been shown to alter neutral amino acid transport in several tissues extraction of the large amino acids tested (leucine, phe nylalanine) was hardly increased, and the influx of phe nylalanine was slightly decreased. These results suggest an alteration in the maturation of the brain capillary bed and capillary transport for neutral amino acids in hypo thyroidism. The differential effect of hypothyroidism on some small and large amino acids is an additional argu ment for the existence of two systems of transport for neutral amino acids at the luminal membrane of brain capillary endothelial cells of immature rats. Key Words: Amino acids-Biological transport-Blood-brain bar rier-Cerebral blood flow-Hypothyroidism.
[for review see Guidotti et al. (1978) and Shotwell et al. (1983) ] including brain parenchyma (Riggs et al., 1984) .
In a previous study (Lefauconnier and Tr ouve, 1983) , we showed that neutral amino acids were transported through the blood-brain barrier of the immature rat by two different systems. Small neu tral amino acids, alanine, serine, and cysteine, were transported mainly by the alanine, serine, cysteine preferring system described by Christensen et al. (1967) , whereas large neutral amino acids, leucine, tryptophan, methionine, and phenylalanine, were transported by the leucine-preferring system. The relative importance of the former system decreased during development as compared with that of the latter.
In the present study, we have tested the effects of hypothyroidism on CBF, blood-brain extrac tion, and the influx of amino acids.
ANIMALS, METHODS, AND CALCULATIONS

Animals
Pregnant female rats of the Sprague-Dawley strain were obtained from Iffa Credo (France) on the fourteenth day of pregnancy. On arrival, they were housed individ ually in plastic cages. The day following parturition, the offspring were distributed at random among the nursing mothers (eight rats per nursing mother). The offspring were made hypothyroid by a daily subcutaneous injection of 0.2% propylthiouracil (PTU) in a volume of 0.05 ml from days 1 to II after birth and 0.10 ml thereafter. Con trol animals received the same volume of saline.
Animals were maintained in a temperature-and hu midity-controlled room with a constant cycle of 12 h light, 12 h dark. They were used for transport and CBF studies at 16-18 days of age.
Radioactive products
The isotopically labeled compounds studied were L [2, VH] 
Determination of CBF
CBF was determined according to an adaptation of the method described by Sakurada et al. (1978) and Ohno et al. (1979) to immature animals.
Animals were anesthetized with ether, placed on a heating pad, and warmed if necessary by a heating lamp to obtain a rectal temperature between 35 and 37°C.
The left brachial artery was catheterized with a 30gauge needle mounted on a 0.3-mm (inside diameter) catheter (Habia, Montmirail, France), 50 mm long (inside volume �3.6 /-Ll). The catheter was connected to a I-ml syringe containing heparinized saline (100 IU heparin/mI). A saphenous vein was also catheterized, and 50 /-Ll of heparin-containing buffer was injected. The venous cath eter was then connected to an infusion pump, and 150 /-Ll of a buffer containing 0.025 /-LCi of iodo[14C]antipyrine/g body weight was infused in 30 s at a constant rate.
Immediately before the beginning of the infusion, the arterial catheter was disconnected from the syringe and freely flowing blood was serially collected into glass cap illaries. The rat was then decapitated. The brain was re moved from the skull, put on ice, and rapidly dissected into cerebral cortex plus striatum, midbrain plus dien cephalon, pons-medulla, and cerebellum. Choroid plexuses were discarded. Each region was placed in a preweighed scintillation vial. The vial and region were then reweighed. The region was digested in a tissue sol ubilizer (Soluene; Packard) in a water bath at 55°C. After cooling, a scintillation mixture containing 10 ml toluene, 40 mg 2,5-diphenyl oxazole and 1 mg dimethyl 1,4-di[2-(5-phenyloxazolyl) ]benzene was added. The following day, the vials were counted in an Intertechnique SL 3000 scintillation spectrophotometer. Counts per minute were converted to disintegrations per minute by using external standardization and predetermined efficiency curves that allowed correction for quenching.
The volume of the blood samples was determined from the length of blood in calibrated glass capillaries, each representing a 5-s collection. The collection volume re mained constant for most animals; if not, the animal was discarded. Blood samples were digested as were brain samples. After digestion, 100 /-Ll of hydrogen peroxide was added. After blanching of the sample, scintillation fluid was added as previously explained.
Determination of "vascular" volume Animals were prepared as described above. 125I-Human serum albumin (0.025 /-LCi/g body weight), 3H-labeled su crose (0.05 /-LCi/g), or 14C-Iabeled D-alanine, the optical isomer of L-alanine (0.05 /-LCi/g), was infused at a constant rate in a saphenous vein for 40 s and blood was collected from the arterial catheter.
At decapitation, the catheter was immediately removed and blood was collected from the severed neck. The he matocrit was determined and the radioactivity of a known volume of total blood and of plasma was measured as well as the radioactivity in the blood of the last arterial sample (i.e., blood in the catheter) and in brain regions.
Blood-brain transport of amino acids: arterial injection method
Blood-brain transport was measured using a modifi cation of Oldendorf' s method (1970) previously described for immature animals (Lefauconnier and Tr ouve, 1983) . Rats were anesthetized with ether. The right brachial ar tery was exposed. A volume of 0.2 ml of a buffered so lution containing a known ratio of the test tritiated amino acid (10 /-LCi/ml) and of iodo[14C]antipyrine (0.1 /-LCi/ml) as a diffusible substance was injected retrogradely as a bolus in the brachial artery. This resulted in a clear bolus in the right common artery in the orthograde direction. The rat was decapitated 10 s later. The right hemisphere anterior to the midbrain was weighed and processed as indicated before. A 1O-/-L1 aliquot of the injectate was also counted. Blood from the severed neck was collected in heparinized tubes. The hematocrit was determined and radioactivity in plasma and total blood counted. In some experiments, for which 3H-labeled amino acids were not available, 14C-labeled amino acids (1 /-LCi/ml) were in jected. In these experiments, the reference substance was tritiated water (5 /-LCi/m!).
Blood-brain transport of amino acids: intravenous injection method
The method of Ohno et al. (1978) was modified for use in immature animals and for the study of more permeable substances. Animals were prepared as described above. The radio active solution was made of buffer containing 0.05 /-LCi of tritiated amino acid per gram body weight under a volume of 0.1 ml in control and 0.08 ml in hypothyroid animals. This solution was rapidly (�0.5 s) injected into the vein, and blood samples were collected from the brachial artery as indicated before. The rat was decapitated 5-40 s after the injection. A blood sample was collected from the sev ered neck for determination of hematocrit and counting of total blood and plasma radioactivity. Continually col lected blood samples from the artery were pooled in an Eppendorf tube and centrifuged for determination of plasma radioactivity. The concentration of tracer in the plasma samples of the pooled arterial blood was equal to the mean arterial plasma concentration (C a> over the chosen time.
Radioactivity in brain transported through the blood brain barrier was obtained by subtraction of "vascular" radioactivity calculated as explained in the following sec tion.
In some experiments, double labeling was used. r14CjL alanine (0.05 f.LCi/g body weight) was injected at time t = 0, and [3HjL-phenylalanine (0.25 f.LCi/g body weight) was injected at time t = 20 s. Decapitation was performed at 40 s. In these experiments, clearances of the two amino acids could thus be estimated in the same animals.
Amino acid analyses
Blood was collected from the severed neck in heparin ized Eppendorf microtubes and centrifuged, and the plasma was collected. Alanine was enzymatically assayed (Grassl, 1974) . In a few instances, serum was prepared for determination of the major amino acids by automatic ion-exchange chromatography.
Calculations
Measurement of CBF. CBF was calculated according to Kety's equation (1951):
where Q(T) is the tracer content per unit weight brain tissue (dpm/g), F is the CBF (mllmin/g), T is the time of decapitation, Ca is the concentration of tracer in arterial blood (dpm/ml), and 'A is the brain-blood partition coef ficient, with 'A = 0.8 (Sakurada et aI., 1978) . This equa tion can be solved numerically with the help of a com puter to yield the blood flow F.
Measurement of hlood-hrain extraction of amino acids hy the intraarterial method. The extraction of the test amino acid at time T, E t (T), was measured according to Oldendorf (1970) as
is extraction of the diffusible reference at time T; Q r (T) and Qt(T) are the brain radioactive con tent (minus the vascular radioactivity) of the test and ref erence substances, respectively, at time T (dpm/g); and
R is the ratio of the radioactive concentration of the test substance to that of the reference substance in the injec tate.
In most cases, iodo[14C]antipyrine has been taken as the reference substance. At CBF of < 1.8 ml/min/g, it is considered totally extracted in a single pass (Van Uitert et ai., 1981) . Its extraction E r (T) is thus I at time t = 0, and at time T it is obtained from the equation given by Kety (1951) for desaturation:
In some experiments, tritiated amino acids were not available; 14C-Iabeled amino acids were used and tritiated water was taken as the reference substance. In these cases, the extraction of the test substance was deter mined in two steps: (a) simultaneous injection of tritiated water as a test tracer and iodoantipyrine as the reference tracer and determination of the extraction of tritiated 1985 water; (b) simultaneous injection of the test tracer and tritiated water as the reference and determination of ex traction of the test tracer.
Measurement ofblood-hrain clearance of amino acids by the intravenous method. Conditions of time had been chosen under which amino acid flux could be considered as unidirectional. The following equation (Ohno et aI., 1978; Gjedde et aI., 1980; Sage et ai., 1981) could thus be used:
where E is the unidirectional extraction of tracer between t = 0 and t = T, EF is the unidirectional clearance (or transfer constant). and Q(T) is the tracer brain content at time T minus the vascular radioactivity.
The integral f� Ca dt is also equal to Ca x T, with Ca the mean arterial concentration in blood collected from time t = 0 to t = T . Thus,
From the values of unidirectional clearance obtained, the unidirectional influx of the amino acid J was calculated as follows:
where C is the arterial concentration of the trace.
Measurement of vascular radioactivity. The radioac tivity effectively measured in brain Qm(T) was greater than Q(T) because it also included the radioactivity present in cerebral blood vasculature or in compartments rapidly equilibrating with the blood vasculature Q v a sc (Blasberg et ai., 1983) :
where CarT) is the concentration of the radioactivity in the arterial plasma sample at the time of the sacrifice (dpm/ml) and V eT) is the apparent volume of distribution (ml/g) at time T of the amino acid that has not crossed the blood -brain barrier by a specific carrier-mediated mechanism, when only carrier-mediated transport is con sidered. Thus, V eT) is probably similar to the sum of the apparent volume of distribution of sucrose (a small hy drophilic molecule without a known carrier at the blood brain barrier) in brain and of the apparent volume of dis tribution of the tracer amino acid in brain red cells. As a matter of fact, amino acids can enter red cells, and the amplitude of this uptake is dependent on the amino acid and on the time of contact.
Anatomically this volume V eT) is mainly vascular.
Hence, for convenience's sake, it will be called "vas cular" volume, and the radioactivity present in this volume "vascular" radioactivity:
k (T) was calculated as the ratio of tracer concentration in red cells C red cells over that in plasma C pl a sm a:
Hct X C plasma . !re d cells was calculated as V p l a sm a X Hct/( 1 -Hct) where kt is the hematocrit of blood from the severed neck.
[his is only an approximation as it is known that tissue lematocrit differs from the hematocrit of mixed arterial Ifld venous blood. However, as will be seen below, in hese young rats, the measured hematocrit was low and he red cell volume was much lower than the sucrose 'olume. Thus, the error possibly made on its determi lation probably changed V (n by little.
RESULTS
\.nimals
After a period of apparent latency, several fea ures whose amplitude varied according to the ex )eriment were observed in hypothyroid animals: re ardation in body weight, which equaled at 16 days !8.4 ± 5.7 g (n = 40) whereas control animals weighed 41.2 ± 5.5 g (n = 50) (p < 0.001); retar lation in opening of the eyes; drowsiness, which ,vas the most constant pathological sign; and un ;teady gait.
CBF
Ta ble I shows that CBF varied according to re sion in control animals. It was highest in pons-me :lulla and lowest in cerebral cortex.
In hypothyroid animals, a significant reduction of 2BF in all brain regions was observed (see Ta ble I). The difference was greater ( -67%) in cere Jellum than in other regions ( -50% in cortex).
"Vascular" volume, VeT)
In control animals, Ta ble 2 shows that after 40 s Jf venous infusion, the apparent volume of distri Jution of sucrose and D-alanine did not differ sig nificantly. However, it was significantly higher than that of serum albumin.
This table also gives the apparent volume of dis tribution of the amino acid that did not cross the blood-brain barrier by a specific mechanism for a theoretical value of ken = 1. It was observed that k varied according to the amino acid and the delay between injection and sacrifice. For phenylalanine, which entered red cells rapidly, kcn varied between 1 and 1.1. For alanine, which entered more slowly, it varied between 0 and 1.
Ta ble 2 also shows that in hypothyroid animals the brain plasma volume (serum albumin volume) as well as the apparent volume of distribution of sucrose was significantly lower than in control.
Measurement of the extraction of amino acids by the arterial method
The blood-brain extractions of some amino acids were obtained by the arterial method according to Eq. 2 when iodoantipyrine was the reference sub stance.
ErCn was calculated according to Eq. 3 with A. = 0.8 (Sakurada et aI., 1978) . The value used for CBF was that measured for cerebral cortex plus striatum, i.e., F = 0.97 in control and 0.48 in PTU-treated animals and T = 8 s. This gave ErCn = 0.85 and 0.92 for control and PTU-treated rats, respectively. For 14 C-Iabeled amino acids, the reference sub stance was tritiated water, and the extraction was obtained as indicated under Calculations.
When we injected radioactive sucrose, we ob served that its radioactivity in brain was constant regardless of the reference radioactivity that reached the brain vasculature. This observation suggested this was not residual radioactivity, which would probably have varied with the proportion of the bolus that reached brain, but recirculating ra dioactivity, which should be the same in all animals injected with the same dose. In fact, this radioac tivity was very near to the product of the concen tration of radioactive sucrose in the plasma from the neck and the apparent volume of distribution of sucrose previously determined.
These results explain why we used Eq. 8 for sub traction of "vascular" radioactivity even in the ar terial injection method. (This is only an approxi mation, as blood collected from the severed neck is not purely arteriaL) The increase in brain radioac tivity due to transport of the recirculating test sub- (n = 4) (n = 5) (n = 6) (n = 5)
Cerebellum IS.5 ± 2.5 19.9 ± 2.2 11.3 ± 0.7 23 13.3 ± 1.6 7.8 ± 1.6 17 (n = 4) (n = 4) (n = 5) (n = 6) (n = 5)
Values are means ± SO, expressed as ml/g x 10 3 . n, no. of animals. Hematocrit (Hct) was 0.29 ± 0.03 in control as well as in PTU-treated animals (n = 12). V(n was calculated from the sucrose or D-alanine apparent volume of distribution at T = 40 s + red cell volume ohtained from serum albumin volume of distribution x Hct/(l -He!).
stance was negligible when the test substance was injected at tracer concentration, since the radioac tive concentration as well as the specific activity was much less in recirculating blood than in the first pass.
Ta ble 3 shows that during the time of experiment, o-alanine and a-aminoisobutyric acid (AlB) had no measurable extraction in either group.
The extraction of small neutral amino acids (al anine, serine, and cysteine) was much higher ( + 160 to + 220%) in hypothyroid than in control rats. This was related to hypothyroidism and not to a possible toxic effect of PTU because when the hy pothyroidism of PTU -treated �imals was corrected by a daily intraperitoneal injection of 2 j..L g D, L-thy roxine, the extraction of alanine (0.070 ± 0.010) became close to that of control rats.
The extraction of large neutral amino acids also increased in hypothyroid rats, but this increase was not observed in all experiments and it was lower than that of small neutral amino acids (+ 35 to +40% in the experiment reported in Ta ble 3).
Determination of blood-brain amino acid clearance and influx by the intravenous method
In preliminary experiments, it had been checked that accumulation of radioactivity in brain obtained by the intravenous method was linear during the time of measurement (20 s for phenylalanine and 40 s for alanine).
Ta ble 4 shows that the clearance of phenylalanine was decreased while that of alanine was increased in all areas of hypothyroid rats.
However, comparison of clearance allows the in- Clearances of phenylalanine and alanine were measured in the same animal, as explained in the text. Influx was calculated as clearance multiplied by the mean plasma concentration of the amino acids. Values are means ± SD. The numbers of animals were six in the control and five in the PTU-treated groups; significance was tested by Student's t test for unpaired data. a p < 0.05. h P < 0.001. ference of influx rates (Eq. 6) only if the plasma concentration of cold amino acids is the same in both groups.
This proved to be the case for phenylalanine, which, when assayed by ion-exchange chromatog raphy, gave 0.122 and 0.113 f-lmoIlml for two control rats and 0.119 and 0.113 f-lmoIlml for two hypothy roid rats. The phenylalanine influx rate thus de creased in the same proportion as clearance in hy pothyroid animals.
In contrast, the plasma concentration of alanine proved to be slightly decreased in hypothyroid rats when assayed by ion-exchange chromatography as well as by enzymatic assay: 0.58 ± 0.10 f-lmol/ml in control (n = 14) and 0.44 ± 0.10 f-lmollml in hypothyroid rats (n = 14) (p < 0.05). As a conse quence, the influx rate of alanine was nearly the same in both groups, as shown in Ta ble 4.
DISCUSSION
CBF
In 16-day-old control rats, CBF has been shown to vary according to the region, with the highest flow in pons-medulla. This markedly differs from the distribution observed in conscious adult animals [see Sakurada et al. (1978) ; Ohno et al. (1979) ; and Lacombe et al. (1980) for review], and could be due to the use of ether anesthesia or to animal imma turity. The first explanation seems unlikely because in adult rats ether anesthesia does not result in such a distribution (unpublished results). In dogs, Ken nedy et al. (1970, 1972) showed that CBF in white and gray matter, which was low at birth, rose to a maximum at a variable time according to the struc ture and declined to the levels present at maturity. The peak level occurred earlier in the brainstem and cerebellum than in other structures more rostral in the neuraxis and was attributed partly to the higher metabolic demand associated with the process of myelination. If this evolution in regional blood flow is the same in rats as in dogs, it might be supposed that the higher value observed in pons-medulla and cerebellum in our experiments is a reflection of the early peak value of this region during development.
In hypothyroid animals, two features stood out: a much lower (>50% decrease) CBF in all regions as compared with control; and an altered distribu tion with a greater decrease in cerebellum and pons medulla than in midbrain and cerebral cortex. These modifications could have several causes:
(a) The first would be an alteration brought about by systemic changes. Hypothyroidism is known to be associated with abnormalities in left ventricular performances. For example, it has been shown that left ventricular output and systemic blood flow were lower at birth in lambs thyroidectomized during fetal life than in control animals (Breall et aI., 1984) . However, a systemic modification alone could not explain the altered distribution in CBF.
(b) The difference in pattern of blood flow could reflect a difference in the morphological develop ment of brain vasculature. It has been shown (Craigie, 1925; Caley and Maxwell, 1970; Bar, 1978) that the number of blood vessels in control rats dou bled or tripled between 1 and 3 weeks after birth. Hypothyroidism resulted in an alteration of the normal capillary development: reduced capillary density (Eayrs, 1954; David and Nathaniel, 1981) and larger capillary diameter (Eayrs, 1954) . In his article, Eayrs underscored that studies of the fac tors regulating vascularity of the nervous system had shown that the capillary network was deter mined by the structure and metabolism of tissues that it serves. Both structure and metabolism are altered in hypothyroidism, in particular in cere bellum which is the most immature region lsee Le grand for review].
(c) Finally, if in immature animals CBF is ad justed to the local metabolic demand and functional activity as in the adult (Sokoloff, 1981) , it can be functionally decreased owing to the reduction in ox ygen consumption observed in the brain of hypo thyroid animals (Gomez and Ramirez de Gugliel mone, 1967) .
As Kennedy et al. (1972) suggested that the peak level in CBF was at least partly correlated with the higher metabolic demand associated with the pro cess of myelination and since myelination is re duced in hypothyroidism [see Legrand (1982-83) for review], it is possible that the metabolic need for increased blood flow is lower in pons-medulla and cerebellum of hypothyroid than control ani mals.
"Vascular" volume
Evaluation of the influx of amino acids through brain capillaries required an estimation of regional "vascular" volume. We observed that this volume was higher when obtained from the sucrose ap parent volume of distribution than when obtained from that of iodinated serum albumin. As the per meability of sucrose is very low (Ohno et aI., 1978) , it could not have been, at least in adult animals, transported in a measurable amount in 40 s. The difference between the volumes obtained with the two tracers has already been reported in adult rats, in which an initial volume of distribution higher than plasma volume has been observed for some hydrophilic molecules (AlB, sucrose) (Blasberg et aI., 1983; Preston et aI., 1983) .
In the present work, no attempt has been made to identify this extravascular space. Our concern has been only to find out the best indicator for a study on amino acid transport, i.e., with the same physicochemical characteristics but without spe cific carrier-mediated transport. Therefore, D-ala nine was tested, since this amino acid is an optical isomer of L-alanine and L-alanine is transported mainly at this age by the ASC system (Lefauconnier and Trouve, 1983 ). The ASC system is considered stereospecific (Christensen et aI., 1967) and thus should not transport D-alanine. The results obtained showed that D-alanine was indeed a good indicator as it was not appreciably extracted in the arterial method and had the same apparent volume of dis tribution as sucrose 40 s after intravenous injection.
In hypothyroid animals, the regional serum al bumin volume was decreased in all regions. Eayrs Vol. 5, No.2, 1985 (1954 showed that the number of blood vessels in the brain of hypothyroid animals was lower than in con trols but that their size had increased. He calculated that the apparent increase in size of capillaries could restore the volume of the capillary bed but that 45% of the capillary surface area was lost owing to the reduction in number. Our results suggest that even the volume of the perfused vascular bed might be decreased. Indeed, Weiss and Edelman (1976) showed that the plasma protein volume is represen tative of the volume of small perfused vessels in the brain of decapitated animals.
Blood-brain extraction of amino acids
Results obtained from sucrose, AlB, and D-ala nine extractions during a single pass and from su crose and D-alanine apparent volumes of distribu tion at 40 s show that in the short time of the ex periments, no obvious indiscriminate increase in blood-brain barrier permeability to hydrophilic molecules in hypothyroidism could be observed.
The large increase (-200%) in plasma-brain ex traction of small neutral amino acids (alanine, serine, cysteine) observed in all experiments made on hypothyroid animals contrasts with the modest (-35% in the experiment reported in Ta ble 3) or absent (in some other experiments) increase in plasma-brain extraction observed for leucine and phenylalanine.
This results in a pattern of amino acid extraction in hypothyroid animals that is closer to that ob served in more immature (5-day-old) control ani mals (Lefauconnier and Trouve, 1983) than to that of control animals of the same age. This differential effect of an hormonal alteration on small and large neutral amino acids is an additional argument for the existence of two systems of transport for neutral amino acids at the luminal membrane of brain cap illaries of immature animals.
This modified extraction in the presence of an amino acid concentration that was the same in both groups and in the absence of any competitor can be due to an alteration of the characteristics of the transport system or to a modification of the CBF (Crone, \963) . CBF cannot be determined precisely in experiments using arterial injection as it has been reported that the injection itself can alter blood flow (Hardebo and Nilsson, 1979) . However, if the lower blood flow in hypothyroid animals can explain, at least in part, the heightened extraction of small neu tral amino acids, an alteration of CBF alone cannot explain the differential effect of hypothyroidism on the extraction of small and large amino acids. The doubt concerning the right arterial blood flow during arterial experiments led us to perform ex-periments using intravenous injection in which clearance measurements were made under exactly the same conditions as were blood flow determi nations.
Blood-brain influx of amino acids
In hypothyroid rats, the unidirectional blood brain clearance of phenylalanine was lower than in controls. As the plasma concentration did not change, this resulted in a lower blood-brain influx. This is in accordance with the results of Daniel et al. (1975) . The lower clearance could be due to an increase in the plasma concentration of competing amino acids (Wurtman and Ferstrom, 1975; Par dridge, 1977) or to an alteration in the characteris tics of the transport system. Indeed, preliminary assays of the plasma concentration of competitor amino acids showed an increase in some of them in hypothyroid rats, e.g., tyrosine (+ 50%) and tryp tophan (+ 30%), whereas others remained un changed, e.g., valine, leucine, and isoleucine. A de tailed kinetic study would be necessary to test the possibility of an alteration in the transport system.
In contrast, the clearance of alanine was higher in hypothyroid than in control rats. However, as the plasma concentration decreased, this gave rise to a similar or slightly higher blood-brain influx in hypothyroid as compared with control rats. It is not yet known if competition among amino acids plays a role in this system as it does in the leucine-pre ferring system. Even if this were the case, such a competition could have little role in the increased clearance, as among the possible competitors (serine, cysteine, threonine), only the concentration of serine was changed (it was decreased by 30%). This suggests that the increased clearance in hy pothyroid rats was probably due in large part to a modification of the transport system. A more de tailed study of plasma amino acid concentrations in hypothyroidism would be necessary to see to what extent the results of clearances obtained for phe nylalanine and alanine can be extended to other amino acids of the leucine-and alanine, serine, cys teine-preferring systems, respectively.
As these uptakes were measured over a very short period of time, we assumed we were dealing with transport systems of the luminal membrane of endothelial cells. Two other possibilities may also be considered, at least as far as alanine is con cerned. The first is a decrease, in hypothyroid rats, in the activity of the endothelial cell alanine ami notransferase, which metabolizes alanine. How ever, this enzyme has been reported to already have a very low activity in normal endothelial cells (Mrsulja and DjuriCic, 1980) ; in addition, the ac-ttVlty of this enzyme in homogenates of cerebral gray matter was not modified by hypothyroidism (Balasz et aI., 1968) . Finally, the higher clearance could be due to a retardation in the development of active transport system A, which is considered to transport amino acids in the opposite direction (Betz and Goldstein, 1978) . However, our experi ments were performed in 16-to 18-day-old rats. At this age, transport through system A does not occur to an appreciable extent (Betz and Goldstein, 1981) .
It also seems important to consider the result of these modifications of the CBF and activity of the transport systems for the supply of amino acids to the developing brain. A lower CBF, combined with a decrease in plasma concentration of some amino acids, could result in a decreased rate of supply of these amino acids to the brain. These alterations were completely compensated for small amino acids by the increased extraction resulting from the lowered blood flow and probably heightened ac tivity of the transport systems. In contrast, in spite of the absence of a plasma decrease in the concen tration of some large neutral amino acids, the in crease of extraction due to the lower blood flow was inadequate to compensate for the decreased rate of supply. This decrease in the influx of some large neutral amino acids could lead to a decreased avail ability of amino acids needed for brain metabolism. However, Ramirez de Guglielmone and G6mez (1966) have measured the brain content of several neutral amino acids in hypothyroid animals and found no difference compared with controls. This suggests that in hypothyroidism, in spite of the al terations observed in blood-brain amino acid in flux, capillary transport meets the need for brain amino acids, which is lowered owing to decreased metabolism.
